Background/Objectives: Fiber-rich diets have been proposed to lower circulating levels of inflammatory makers. Our objective was to investigate cross-sectional relationships between fiber intake and plasma fibrinogen. Subjects/Methods: We examined the relationship between plasma fibrinogen and dietary fiber in 20 960 men and women, aged 45-75 years old, living in Norfolk, UK. Fiber intake was assessed using a food frequency questionnaire. Results: Mean fibrinogen levels were lower across the increasing quartiles of the fiber intake after adjusting for age, sex, body mass index, physical activity, smoking status and alcohol consumption, and total calories, percentage of energy intake from carbohydrate, protein and fat, with a difference of 0.08 g/l fibrinogen between first and fourth quartiles (P for trend o0.001) for the whole population. When categorized by sex, the results for men were the same and for women, the results failed to be significant. In linear regression models, fibrinogen levels were significantly related to fiber intake for the whole population (À0.056 g/l, s.e. ¼ 0.012 per 10 g increase in fiber intake, Po0.001), but although the relations were in the same direction after adjusting for the same covariates above, they failed to be significant when smokers or women not using post-menopause hormone therapy were separately considered. Conclusions: Plasma fibrinogen levels appear to be inversely related to dietary fiber intake in middle-aged and older men and women.
Introduction
Low-grade chronic inflammation has been proposed to be a key pathophysiological mechanism underlying the development of chronic diseases such as coronary heart diseases and diabetes mellitus (Pearson et al., 2003; Bengmark, 2004) . Plasma fibrinogen has been associated with established cardiovascular disease risk factors (Pearson et al., 2003; The Fibrinogen Studies Collaboration, 2007) , and also with an increased risk for major cardiovascular outcomes and for aggregate nonvascular mortality (Danesh et al., 2005) . Lifestyle and behavioral factors can influence inflammatory markers, such as fibrinogen (Lowe, 2005; The Fibrinogen Studies Collaboration, 2007) , providing potential interventions for reducing the risk for these diseases.
Dietary fiber-rich diets have been long associated with lower risk for coronary heart disease and diabetes (Pereira et al., 2004; Van Horn et al., 2008; Weickert and Pfeiffer, 2008) . The possible mechanisms underlying these relationships are several and range from local effect on absorption sites in the bowel to systemic effects of the short-chain fatty acids and reduction of the oxidative stress, but they are not totally elucidated and understood (Weickert and Pfeiffer, 2008) . More recently, dietary fiber has been shown to be associated with lower levels of C-reactive protein (CRP) raising the hypothesis that this could be another mechanism by which dietary fiber could reduce risk of chronic diseases (King, 2005; Weickert and Pfeiffer, 2008; North et al., 2009) . Cross-sectional (King et al., 2003; Ajani et al., 2004; Bo et al., 2006) and longitudinal (Ma et al., 2006; Panagiotakos et al., 2009 ) studies have showed a negative association of fiber intake with levels of circulating CRP and other markers of inflammation. One randomized trial found a reduction in CRP levels after 3 weeks in individuals on a high fiber diet (430 g per day; King et al., 2007) and another trial found a reduction in CRP, interleukin (IL)-6, IL-7 and IL-8 in individuals who had followed a Mediterranean-style diet (mean of 32 g fiber per day) for 2 years compared with individuals on a control diet (mean of 17 g fiber per day; Esposito et al., 2004) .
However, besides a relatively large (n ¼ 1854) survey with African volunteers, which found that men and women in the highest quartile of fibrinogen levels had smaller means of fiber intake (James et al., 2000) , only few relatively small studies have investigated the relationship between dietary fiber and plasma fibrinogen (King et al., 2007 (King et al., , 2008 Panagiotakos et al., 2009) . Concerning specific sources of fiber, the cross-sectional relations of whole grains, bran and germ intakes were assessed in a combined analysis of healthy men from the Health Professionals Follow-Up Study and women from the Nurses' Health Study II. No association was found between these fiber sources and CRP or fibrinogen levels (Jensen et al., 2006) . A recent relatively large study investigated the relationships between whole and refined grain intakes and CRP, fibrinogen and plasminogen activator inhibitor type 1, and did not find relation between fibrinogen concentrations and whole or refined grain intake (Masters et al., 2010) .
The aim of the present work was to investigate, in a much large cohort of a free-living population, the cross-sectional relationship between fiber intake and plasma fibrinogen levels.
Subjects and methods
Study protocol EPIC-Norfolk (European Prospective Investigation into Cancer in Norfolk) is a prospective population study of men and women recruited at age 40-75 years from a general practice age-sex register in Norfolk, UK, from 1993 to 1997. A total of 25 639 people participating in the baseline survey, who had filled a detailed health and lifestyle questionnaire, attended a first health check when blood and urine samples, and data on height, weight and blood pressure were collected by trained nurses (Khaw et al., 2004) . Body mass index (BMI) was estimated as weight (kg)/height 2 (m) 2 . Medical history was ascertained with the question, 'Has your doctor ever told you that you have any of the following?', which was followed by a list of conditions including 'high blood pressure (hypertension) requiring treatment with drugs', 'high lipid levels requiring treatment with drugs', 'stroke', 'heart attack' and 'diabetes'. Smoking status was derived from responses to the questions 'Have you ever smoked as much as one cigarette a day for as long as a year?' and 'Do you smoke cigarettes now?'. From these, people were classified as current smokers, former smokers or those who had never smoked. Post-menopausal hormone therapy (PMHT) and menopausal status were assessed for women in the baseline. Habitual physical activity assessed both work and leisure-time activity during the past year, and individuals were allocated to four ordered categories of overall activity: inactive, moderately inactive, moderately active and active (Wareham et al., 2003) . For the present analysis, people categorized as moderately active or active were pooled together as physically active.
The EPIC-Norfolk Study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human subjects/patients were approved by the Norfolk Health District Ethics Committee. Written informed consent was obtained from all subjects.
Dietary data and alcohol consumption A food frequency questionnaire (FFQ) consisting of 131 items was sent to all participants before the first health check and they were checked for completeness by nurses at the medical examination (Bingham et al., 2001) . The questionnaires were designed to estimate habitual intake, including alcoholic drinks over the previous year. The questionnaires were coded, the data entered, and the nutrients and alcohol intake analyzed with specifically developed programs: DINER and CAFE (Welch et al., , 2005 . Dietary fiber intake was estimated as the non-starch polysaccharides content of each food, measured by the Englyst method. The response rate for the FFQ in EPIC Norfolk was 99% (n ¼ 25 350). Nutritional analysis of the FFQ was done as previously described . Briefly, individuals with more than 10 missing lines were omitted from the data set (n ¼ 247, 90 men, 157 women, 0.97% of data). We also excluded outliers on the basis of the ratio of energy intake to basal metabolic rate (EI:BMR), BMR estimated using sex-specific equations, including age and body weight. Cut points based on the top and bottom 0.5% of EI:BMI were introduced, identifying another 250 individuals. In addition, nutrient values 43 s.d. from the mean of the upper (fifth) quintile for energy, fat, carbohydrate protein and alcohol were also excluded for each nutrient. For the current analyses, additional inclusion and exclusion criteria were used, including availability of results for fibrinogen.
Laboratory analysis
A non-fasting blood sample was collected at baseline health check between 1993 and 1997. Total cholesterol, high-density lipoprotein cholesterol and triglyceride were analyzed on an RA-1000 (Bayer Diagnostics, Basingstoke, UK) and low-density lipoprotein cholesterol was calculated using the Friedewald formula (Friedewald et al., 1972) . Samples later used for fibrinogen analyses were collected in citrated tubes, stored in refrigerator at 4 1C overnight and transferred the following morning to the EPIC laboratory for processing. Plasma not required for immediate analysis was frozen in aliquots in liquid nitrogen at À196 1C. Between 2000 and 2002, aliquots of plasma were retrieved from liquid nitrogen and thawed for fibrinogen analysis. Fibrinogen was measured by a functional assay based on the method of Clauss (Clauss, 1957) using the commercial kit Fibriquik (bioMerieux, Lyon, France) on an MDA180 automated analyser (bioMerieux).
Statistical analysis
After excluding subjects for whom the plasma fibrinogen data was not available or was above 7.0 g/l, those using lipidlowering drugs or had reported cardiovascular diseases at baseline (n ¼ 1211), there were 20 960 participants for analyses. We compared baseline characteristics using analysis of variance (for continuous variables) or w 2 -test (for categorical variables) between men and women.
Participants were categorized in quartiles of fiber intake, and baseline characteristics were compared between the fiber intake quartiles groups using analysis of variance (for continuous variables) or w 2 -test (for categorical variables). The same comparisons were done separately for men and women, using sex-specific fiber intake quartiles. Means of plasma fibrinogen by fiber-intake quartiles groups were calculated using analysis of variance with general linear model approach in SPSS with adjustment for covariates. P-values for linear trend are reported. The analyses were repeated after excluding current smokers, and separately for men and women. We also performed analyses excluding women using post-menopausal hormones. Variables used for adjustments were: age, sex (only for the whole cohort), BMI, level of physical activity (inactive, moderately inactive, moderately active and active), smoking status (current, former, never), total energy intake (kJ per day), carbohydrate, protein and fat intake (as % of energy intake) and alcohol intake (g per day). When women were analyzed separately, we also adjusted for menopausal status (pre, peri, post), PMHT (current, former, never) and oral contraceptive use (current, former, never). Multivariate regression models between dietary fiber intake and plasma fibrinogen were performed for all participants, after excluding current smokers and after categorizing according to BMI. The models were also done separately for men and women, and also excluding women using hormones. Variables used to adjust the regression analysis were the same as described above. Regression coefficients (b) and s.e. were normalized to show the change of plasma fibrinogen (g/l) for each 10 g change in the dietary fiber intake. The results were expressed as the two-tailed test for significance (P-value) and the 95% confidence interval.
Results
Characteristics of participants included in the study are presented in Table 1 . Men and women significantly differed for all baseline characteristics as expected. Mean plasma fibrinogen level was 0.11 g/l higher in women than in men (Po0.001).
Participants were categorized in quartiles of fiber intake, and men and women were also categorized separately according to sex-specific quartiles of fiber intake. Selected baseline characteristics were compared between participants in different quartiles of fiber intake (Table 2) . People in the fourth quartile of fiber intake were older and less heavy than people in the lower quartiles, and also presented lower total cholesterol, low-density lipoprotein cholesterol and triglycerides, and higher high-density lipoprotein cholesterol. They were also less likely to be current smokers and were more likely to be active than people in the lowest quartile of fiber intake. Intake of total calories, calories from carbohydrate, and fruits and vegetables intake were significantly higher in the fourth quartile of fiber intake. Conversely, those in the highest quartile for intake had a lower mean intake of calories from protein and fat and a lower intake of alcohol compared with participants in the lower quartiles of fiber intake. When men and women were analyzed separately, similar results were observed overall.
After adjusting for age, sex, BMI and physical activity (Table 3) , the plasma fibrinogen levels were significantly lower in the highest quartiles of fiber intake for the whole cohort (P ¼ 0.002) and also, when men were analyzed separately (Po0.001). When adjusted by smoking status, the associations were attenuated. The inclusion of dietary adjustments rendered again a highly significant association for the whole cohort and for men (Po0.001). When nonsmokers participants were separated analyzed, the differences in the fibrinogen levels across the quartiles of fiber intake also became significant after adjustments for intake of macronutrients and alcohol (P ¼ 0.006). Further adjustments for blood lipids and pressure did not change the results substantially (data not shown). For women, the differences across the quartiles were consistently nonsignificant. Analyzing separately, women PMHT users or non-users did not materially change the results (data not shown).
To better understand the relationship between fiber intake and plasma fibrinogen and the differences in this relationship between men and women, we also tested two models of multivariate regression differences on plasma fibrinogen for each 10 g of higher in fiber intake (Table 4 ). In the fully adjusted model (Model 2), the regression coefficients were significantly negative for all participants and also for men and women when analyzed separately, but the relationship were less strong for women than for men. When participants were categorized according to BMI, the results did not change substantially. In this analysis, considering only nonsmokers did not change the results, but although in the same direction and magnitude, the relationship for smokers failed to be significant. When women were categorized as users or non-users of PMHT, the relationship between fiber intake and plasma fibrinogen was significant only for the users of PMHT.
Discussion
This study describes the inverse association between fiber intake and plasma fibrinogen levels in a large free-living population. We have found significant trends for lower fibrinogen in participants with higher fiber intake, after adjustments for several variables described as affecting fibrinogen levels (The Fibrinogen Studies Collaboration, 2007) and also for dietary factors correlated to fiber intake.
At present, there are few data from large population studies relating dietary fiber and fibrinogen levels. Fibrinogen, the precursor of fibrin, is the major coagulation circulating protein and is the determinant of blood viscosity and platelet aggregation (Meade et al., 1985a, b; Lowe, 1992) . The magnitude of the positive associations previously found between fibrinogen and the incidence of different chronic diseases (Woodward et al., 1998; Yano et al., 2001) have persisted even when only never smokers were considered or when diseases cases were recorded several years after the baseline. These observations suggest that such association reflect a response to chronically enhanced-circulating fibrinogen and other inflammatory markers. Potential mechanisms involved on the effect of dietary fiber in lowering CRP and other inflammatory markers such as IL-6 and fibrinogen had been recently reviewed (North et al., 2009) . These mechanisms may be related to weight loss and/or changes in insulin, glucose, adiponectin, IL-6, free fatty acids and triglycerides secretion, turnover and metabolism.
Interestingly, when we analyzed men and women separately, the results for men were more pronounced and, although women also had in the multivariate regression a significant inverse linear relationship between fiber intake and fibrinogen (Table 4) , which was in the same direction observed for the whole cohort and also for men, the linear trends for lower fibrinogen in the higher quartiles of fiber intake failed to be significant, independently of the adjustments done (Table 3) . The smaller effect observed in women probably is not enough to render a significant difference in the fibrinogen intake across the quartiles of fiber intake. The finding that the inverse regression coefficient between fiber intake and fibrinogen was significant only for women users of PMHT, but not for nonusers (Table 4 ), suggests that hormones might mediate the effects of diet. Menopause or ovarian insufficiency and failure of follicular development lead to a marked reduction in estradiol and progesterone levels (Voster, 1999 ). An increase of fibrinogen levels is observed in women with age and after menopause, and PMHT prevents this rise (Lee et al., 1992; Meilahn et al., 1992) . In normotensive women with regular cycles progesterone and length of menstrual cycle along with smoking and low-density lipoprotein cholesterol predicted plasma fibrinogen (Karpanon et al., 1992) . Considering the mean age of the women in our study (58 years), hormonal Plasma fibrinogen and fiber intake RN Freitas et al changes that occur with age can make women less responsive to dietary interventions to reduce fibrinogen levels, which is not observed in the users of PMHT. At baseline, mean fibrinogen levels were 0.11 g/l higher in women compared with men, which is similar with the difference found (0.12 g/l) in a meta-analysis involving more than 150 000 adults in 31 prospective studies held in the northern hemisphere (The Fibrinogen Studies Collaboration, 2007) . Fibrinogen levels are associated with other cardiovascular diseases risk factor differently in men and women; for example, the association of fibrinogen with BMI was stronger in women and the association with smoking was stronger in men (The Fibrinogen Studies Collaboration, 2007) . There are indications that most of the determinants of the plasma fibrinogen levels are similar in men and women; however, small differences are observed in some studies, especially in the magnitude of effects as reviewed by Voster (1999) . The effect of BMI and alcohol intake on plasma fibrinogen, for example, may be larger in women (Folsom et al., 1991) . Also, polymorphisms of the fibrinogen genes may have a smaller influence on fibrinogen level and function in women than in men (Iacoviello et al., 1998) . The effect of fiber on CRP levels, similar to that observed by us for fibrinogen, also seems to be different between men and women in other studies. Studies that do not analyze men and women separately (King et al., 2003; Ajani et al., 2004) consistently show an inverse correlation between dietary fiber and CRP, and studies that analyze only women (Ma et al., 2008) or mainly women (King et al., 2007) fail in to find a correlation.
Other smaller studies have investigated the association between fibrinogen (and also other inflammatory markers) and dietary fiber. In a trial involving 28 women and 7 men, CRP levels was reduced after 3 weeks in a high fiber diet (430 g per day), but not fibrinogen levels (King et al., 2007) . Considering the much higher number of women than men in this trial, and the fact that we have found a weaker relation between fiber intake and fibrinogen in women than in men, the lack of association with fibrinogen levels might be due to a lack of power and limited numbers of participants in the study. Another randomized trial, with 132 participants (most women) found no difference in CRP and IL-6 levels, but a small reduction in fibrinogen levels in the high fiber diet group compared with the control group (King et al., 2008) . Studying the effect of the Mediterraneanstyle diet, on circulating inflammatory markers of myocardial infarction survivors, no association was found between the Mediterranean-diet score and the fibrinogen level, whereas an inverse association was found for CRP and IL-6 (Panagiotakos et al., 2009) . However, in this last study, the experimental diet differed from the control diet in several aspects, besides fiber content, and the questionnaire for dietary intake used was short, not formally validated and did not allow adjustment for total calorie or other nutrients intake. It is reasonable to suppose that, although fibrinogen, CRP and IL-6 are used as biological markers for low-grade inflammatory status, their levels might be differently influenced by different dietary components. Besides having a different role in modulating fibrinogen according to gender, dietary fiber may also have a different role in Abbreviations: ANOVA, analysis of variance; BMI, body mass index; CHO, carbohydrate; DBP, diastolic blood pressure; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein-cholesterol; SBP, systolic blood pressure.
Results shown as means and s.d. or number of subjects (n) and frequency (%) and P-value for ANOVA (continuous variables) or w 2 -tests (categorical variables) for differences between the quartiles of fiber intake. a Sex-specific quartiles of fiber intake were used when men and women were analyzed separately.
modulating different inflammatory markers. Finally, a recent, relatively large, cross-sectional study (n ¼ 1625) found significant inverse associations between whole grain and plasma plasminogen activator inhibitor type 1 and CRP. For plasma fibrinogen, the relation was not significant and when the analysis was adjusted by waist circumference, the significance for inflammatory proteins was lost (Masters et al., 2010) . However, the authors assessed the intake of foods containing whole grain, not dietary fiber, using a FFQ that was limited in its ability to accurately classify wholegrain intake, which might have caused an attenuation of the associations. Although we do not have data on the wholegrain intake, fruits and vegetables are important sources of fiber in this cohort (Table 2) ; the mean intake of fruits and vegetables significantly increasing by three times and two times, respectively, from the first to the higher quartile of fiber intake.
Our results showed that fibrinogen levels in smokers did not have a significant inverse relationship with dietary fiber (Table 4) . In our study, almost 70% of the current smokers were in the first and second quartile of fiber intake, which is smaller than 17.8 g per day (Table 2) , whereas former and never smokers had a more uniform distribution along the quartiles of fiber intake. Esposito et al. (2004) found an effect of fiber intake on CRP, IL-6, IL-7 and IL-8 only in the high fiber group (32 g per day), but not in the control group that had a fiber intake similar to that found for smokers in our study (17 g per day). Also, the inverse association was observed in non-smokers (Table 4 ), suggesting that the low fiber intake of the smokers might have attenuated the association.
Fibrinogen has been found to be positively associated with BMI (Bo et al., 2004; The Fibrinogen Studies Collaboration, 2007) , probably reflecting the inflammatory-modulating activities of adipose tissue (Berg and Scherer, 2005) . It has been suggested that obese people are less responsive to fiber intake in lowering CRP levels than normal weight people (King et al., 2007 (King et al., , 2008 . However, we found here that the relationship between fiber intake and plasma fibrinogen were in the same magnitude, either for normal weight or overweight/obese participants. This is a cross-sectional study with the limitation that only one fibrinogen and dietary intake measurement were analyzed. Fibrinogen levels can be influenced by infection and some participants could present high measurements related to the presence of systemic infections. However, Results shown as means and s.e. and P-value for linear trend of fibrinogen levels across the quartiles of fiber intake.
a Sex-specific quartiles of fiber intake were used when men and women were analyzed separately. b Diet variables used as covariates: total energy intake (kJ per day), carbohydrate, protein and fat intake (as percentage of energy) and alcohol intake (g per day).
in the whole cohort, only 0.3% of the participants had fibrinogen above 5.6 g/l, which would be compatible with an acute response. In light of the previous observations of the association between fibrinogen and risk of chronic diseases, our results reinforce the possibility that lower fibrinogen may be another mechanism through which dietary fiber may influence risk of such diseases. ) for each 10-g change in fiber dietary intake. Model 1 adjusted for sex (only for the whole cohort) and age. Model 2 adjusted for sex (only for the whole cohort), age, BMI, physical activity and smoking status (unless when categorizing for smoking status), total energy intake (kJ per day), percentage of energy from carbohydrates, proteins, fat and alcohol intake (g per day). a Also adjusted for menopause status, PMHT (unless when analyzing women users or non-users of PMHT) and oral contraceptive use.
